The in-medium decay widths of the charmonium states to DD are calculated in isospin asymmetric nuclear matter in the presence of a magnetic field, using a field theoretical model for composite hadrons with quark/antiquark constituents. The medium modifications of these partial decay widths arise due to the changes of the masses of the decaying charmonium state and the produced D andD mesons in the magnetized hadronic matter, calculated within a chiral effective model. The decay widths are calculated using the light quark-antiquark pair creation term of the free Dirac Hamiltonian in terms of the constituent quark field operators. The results are compared with the calculations for these in-medium decay widths obtained within the 3 P 0 model. Within this model, the charmonium decay widths are calculated using creation of a light quark-antiquark pair in the 3 P 0 state. The effects of the magnetic field is observed to lead to interesting effects on the decay widths, where, similar to the 3 P 0 model, there are observed to be density ranges, when the decay width remains very small. These should have observable consequences on the production of these charmed mesons (hidden and open) in the relativistic heavy ion collision experiments.
I. INTRODUCTION
The properties of hadrons at high temperatures and/or densities comprise an important area of research, due to their relevance in the context of the ongoing and future ultra relativistic heavy ion collision experiments at various high energy particle accelerators, as well as in the study of the bulk matter of astrophysical objects, e.g., neutron stars. The estimated huge magnetic fields at Relativistic Heavy Ion Collider (RHIC) at BNL and Large Hadron Collider (LHC) at CERN [1] , have recently initiated a lot of work on the study of the hadrons in the presence of strong magnetic fields. The time evolution of the magnetic field [2, 3] , however, needs the solutions of the magnetohydrodynamic equations, with a proper estimate of the electrical conductivity of the medium, and is still an open question. Recently, there have been a lot of work on the heavy flavour hadrons [4] , and, due to the attractive interaction of the J/ψ in nuclear matter [5] [6] [7] [8] , the possibility of the J/ψ forming bound states with nuclei have been predicted [9] . The potential models [10] [11] [12] have been used extensively to study the heavy quarkonium states. Assuming the separation of the heavy quark and heavy antiquark inside the heavy quarkonium state to be small compared to the scale of gluonic fluctuations, the study of the quarkonium state in the presence of gluonic field [13] [14] [15] , in the leading order, yields the mass of the quarkonium state to be proportional to the gluon condensate. The heavy flavour mesons have been studied in the literature, using quark meson coupling (QMC) model [8, 9, 16, 17] , using the QCD sum rule approach [18] [19] [20] [21] [22] [23] [24] [25] , using the coupled channel approach [26] [27] [28] [29] [30] , using a chiral effective model [6, 7, [31] [32] [33] [34] [35] [36] , using heavy quark symmetry and interaction of these mesons with nucleons via pion exchange [37] , using heavy meson effective theory [38] , studying the heavy flavour meson as an impurity in nuclear matter [39] . The open heavy flavour mesons (D and B mesons) [40] [41] [42] [43] [44] as well as the charmonium states [21, [45] [46] [47] have also been studied in the presence of strong magnetic fields.
The chiral SU(3) model based on chiral symmetry [48] [49] [50] and broken scale invariance [51, 52] has been used to describe hyperonic matter [53] , finite nuclei [54] , kaons and antikaons [55] [56] [57] [58] [59] , light vector mesons [60] [61] [62] in (magnetized) hadronic matter, as well as to study the bulk matter in proto neutron star [63] . The model has been generalized to include the charm and bottom sectors, and the heavy quarkonia masses are calculated from the medium modification of a scalar dilaton field which mimics the gluon condensates of QCD [6, 7, 36, 47, 64] [6, 7, 31-35, 43, 44] in the (magnetized) hadronic medium. The in-medium decay widths of the charmonium states to DD have been studied using a model with light quark pair created in the 3 P 0 state [7, 65, 66] , as well as, within a field theoretical model with composite hadrons [67, 68] , used in the present study of the decay widths in the presence of a magnetic field. The results of the present investigation of the charmonium decay widths in magnetized nuclear matter are compared with the results obtained using the 3 P 0 model [69] .
The outline of the paper is as follows : In section II, we describe briefly the field theoretical model with composite hadrons with quark/antiquark constituents, used in the present work to compute the partial decay widths of the charmonium states to DD in magnetized hadronic matter. These in-medium decay widths are calculated from the mass modifications of the decaying charmonium state and the produced D andD mesons in asymmetric nuclear matter in presence of strong magnetic fields. In section III, we discuss the results obtained in the present investigation of these in-medium charmonium decay widths. In section IV, we summarize the findings of the present study.
II. DECAY WIDTH OF CHARMONIUM STATE TO DD WITHIN THE MODEL FOR COMPOSITE HADRONS
We shall briefly describe the field theoretical model for composite hadrons with quark/antiquark constituents [70] [71] [72] , used in the present work to study the charmonium decay widths to DD in isospin asymmetric nuclear matter in the presence of a magnetic field. The model has been used to investigate the charmonium (bottomonium) partial decay widths to DD (BB) in hadronic matter in the absence of a magnetic field [67, 68] . With explicit constructions of the charmonium (bottomonium) state and the open charm (bottom) mesons, the decay width is calculated from the free Dirac Hamiltonian for constituent quark [67, 68] .
The field operator at t=0 for a constituent quark for a hadron at rest is taken as
In the above, Q r (k) annihilates a quark with spin r and momentum k andQ s (k) creates an antiquark with spin s and momentum k and they satisfy the usual anticommutation relations
In equation (1), U(k) and V (k) are given as
where the equal time anticommutation relation for the four-component Dirac field operators gives the constraint [70] f 2 + g 2 k 2 = 1, on the functions f (k) and g(k). For free Dirac field of mass M, we have
where
In the present work for the study of charmonium decay widths in magnetized nuclear matter, with light quark pair creation, we assume the constituent quark mass M(k) = M, a constant [67] .
The field operator expansion for the quarks given by equation (1) are for the constituents of hadrons at rest. For studying the charmonium partial decay width to DD, we need to construct the field operators for the quark constituents of hadrons at finite momentum by Lorentz boosting the operators of hadron at rest. This requires the knowledge of the time dependence of the field operators in addition to the space dependence as above. This was taken to be given by quarks occupying fixed energy levels [70, 71] as in the bag model, so that for the i-th quark we have
where λ i is the fraction of the energy (mass) of the hadron carried by the quark, with i λ i = 1.
For a hadron in motion with four momentum p, the field operator for t=0 is given as [72] 
We investigate the medium modifications of the partial decay widths of the charmonium
in magnetized nuclear matter, which are calculated within the present model, using the explicit constructs for the charmonium state and the outgoing D andD states [67] . The charmonium state, Ψ(J/ψ, ψ(3686), ψ(3770)) with spin projection m, at rest is written as
where, i is the color index of the quark/antiquark operators. In the above,
for ψ ≡ ψ(3686), and,
for ψ ≡ ψ(3770) [73] , assuming harmonic oscillator wave functions for these charmonium states corresponding to the 1S, 2S and 1D states respectively.
states, with finite momenta, are explicitly given as
and
In the above, 
The expression for the charmonium state, Ψ at rest decaying to DD is given as [67] Γ
where, A Ψ (|p|) is given as
where a Ψ , b Ψ and c Ψ are parameters given in terms of R Ψ and R D , which are the harmonic oscillator wave function parameters for the charmonium and the D(D) mesons (see Ref. [67] ).
In (15),
, are polynomials in the magnitude of the 3-momentum of the produced D(D) meson, which is given as
In the expression for the charmonium decay width to DD given by equation (14), the parameter within the hadronic medium, using the chiral effective model. In the present work, we also take into account the effects of magnetic field [74] [75] [76] [77] , which modify the masses of the charmonium as well as D andD mesons within the chiral effective model [43, 47] . The anomalous magnetic moments of the nucleons [74] [75] [76] [77] [78] [79] [80] are also taken into account in the present study.
III. RESULTS AND DISCUSSIONS
In the present work, the charmonium decay widths to DD in magnetized nuclear matter We consider the effects from the anomalous magnetic moments of the nucleons in the present study of the charmonium decay widths using the model of composite hadrons.
The decay of the charmonium state ψ(3770) to DD is possible in vacuum as the mass of this state is larger than the combined DD mass. On the other hand, the charmonium states J/ψ as well as ψ(3686) do not decay in vacuum due to the charmonium mass being smaller than the mass of DD. We investigate the effects of the isospin asymmetry, baryon density and the magnetic field on the decay widths of charmonium to DD, using the masses of these mesons as calculated within a chiral effective model. For the values of the magnetic field of eB = 4m and eB = 8m 2 π , which are typical estimated values of the magnetic field produced at RHIC and LHC, and the isospin asymmetry parameter taken as 0, 0.3 and 0.5, the decay widths of the charmonium state to DD are studied in the present work. Unlike the case of zero magnetic field [7, 67] , where the decay width of J/ψ to DD was observed to be nonzero at high densities, in the present study of charmonium decay width to DD within the composite hadron model, the decay width of J/ψ to DD remains zero even upto a density of 6ρ 0 , for the magnetic fields and isospin asymmetry for the medium, considered in the present work.
The effects of magnetic field, isospin asymmetry and density on the decay width of ψ (3686) to DD are illustrated in figure 1. These decay widths are plotted as functions of the baryon density in units of nuclear matter density, for the channels (i) 
